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ABSTRACT 


In this study, a new support has been developed by immobilization of a-amylase onto modified mag- 
netic Fe30,-nanoparticles. The characterization of soluble and immobilized a-amylases with regards to 
kinetic parameters, pH, thermal stability and reusability was studied. The effect of polypyrrole/silver 
nanocomposite (PPyAgNp) percentage on weight of Fe30, and pH on the immobilization of 
a-amylase was studied. The highest immobilization efficiency (75%) was detected at 10% PPyAgNp/ 
Fe30,4-nanocomposite and pH 7.0. Immobilization of -amylase on PPyAgNp/Fe30,-nanocomposite was 
characterized by FT-IR spectroscopy and scanning electron microscopy. The reusability of the immobi- 
lized enzyme activity was 80% of its initial activity after 10 reuses. The immobilized enzyme was more 
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stable towards pH, temperature and metal ions compared with soluble enzyme. The kinetic study 
appeared higher affinity of immobilized enzyme (Km 2.5mg starch) compared with soluble enzyme (Km 
3.5 mg starch). In conclusion, the immobilization of -amylase on PPyAgNp/Fe30,-nanocomposite could 


successfully be used in industrial and medical applications. 


Introduction 


The use of free enzymes in biotechnological and environmen- 
tal applications shows some significant problems such as 
inactivation, thermal instability, unfolding and no reusing. 
The immobilized enzymes characterized by the stability of 
enzyme activity, a wide pH range, higher thermal stability, 
easy separation from the solution and reusability [1-3]. 
Several methods are routinely used for immobilization of 
enzymes encapsulation, covalent and non-covalent binding 
[3]. Covalent binding is the efficient method because no leak- 
age of enzyme would be possible. However, immobilization 
of enzymes on nanoparticles exhibited several characters 
such as high surface of the support, high stability in environ- 
mental conditions, diffusion limitations and less stearic hin- 
drance [4]. 

a-Amylase, as one of the amylases, is highly interested 
due to its various applications [5-7]. It catalyzes the hydroly- 
sis of starch to glucose, maltose and maltotriose [8]. 
Amylolytic enzymes are the most commercial enzymes used 
in various industrial applications [9,10]. 

The immobilization of biomolecules on metal nanopar- 
ticles developed and improved several applications includ- 
ing diagnostics, biosensors and drug delivery [11-16]. 
Several studies reported the immobilization of o-amylase 
with metal nanoparticles such as magnetic Fe30, 


nanoparticles [17], silica nanoparticles [18], amino-functional- 
ized magnetite nanoparticles [19], gold nanoparticles 
(AUNPs) and silver nanoparticles (AgNPs) [20]. However, 
using high-intensity ultrasound, in situ generated o-amylase 
nanoparticles (NPs) were immobilized on polyethylene films 
[21]. Our study aimed to immobilize o-amylase from 
Trichoderma harzianum onto a combination of magnetic 
Fe3;0,-nanoparticles and PPyAgNp nanocomposites. We pre- 
sent our results on characterization of soluble and immobi- 
lized o-amylases with regards to kinetic parameters, pH, 
thermal stability and reusability. 


Materials and methods 
Materials 


Analytical grade pyrrole, silver nitrate, Fe30, magnetic nano- 
particles were purchased from Sigma-Aldrich (St Louis, MO, 
USA) and was used as received. Aqueous solutions were pre- 
pared from distilled water. 


Trichoderma harzianum «a-amylase 


Trichoderma harzianum a-amylase was previously purified and 
characterized with wide substrate specificity [22]. 
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Synthesis of nanocomposite 


PPyAgNp nanocomposite was synthesized by an oxidative 
polymerization of pyrrole in the presence of silver nitrate as 
the oxidant according to the reported method [23]. PPyAgNp 
was combined in different percentages with Fe30, 
magnetic nanoparticles to get different PPyAgNP/Fe30, 
nanocomposites. 


Immobilization procedure 


Enzyme immobilization was carried out by end over end at 
90 rpm on the PPyAgNP/Fe30, nanocomposites using a solu- 
tion of T. harzianum o-amylase made in 50mM sodium acet- 
ate buffer pH 5.5 or Tris-HCl pH 7.2 at room temperature 
during overnight. Aliquots of the supernatant were drawn up 
and the PPyAgNP/Fe30, nanocomposite was dried at room 
temperature to verify the advancement of the immobilization. 
The relative activity% of immobilized enzyme was calculated 
from the following formula: 


Activity of immobilized enzyme 


—_________________*_____ x ]Q0 
Initial activity of soluble enzyme 


Relative activity % = 


a-Amylase assay 


a-Amylase activity assay was carried out by DNS method [24], 
for both soluble and immobilized enzymes. Ten milligrams of 
PPyAgNp/Fe30,-nanocomposite-a-amylase was taken for rou- 
tine assay of the activity of immobilized enzyme. PPyAgNp/ 
Fe30,-nanocomposite was removed after 10min incubation 
with 1ml starch (1%) and 1ml DNS was added for colour 
development. The tube containing this reaction mixture was 
incubated in a boiling water bath for 10 min and then cooled 
in running tap water and the absorbance was recorded at 
540nm. One unit of activity was defined as the amount of 
enzyme required to produce 1 umoL of maltose/min. 


Structure characterization 


The attenuated total reflectance-Fourier transform infrared 
(ATR-FTIR) spectra for PPyAgNp/Fe30,-nanocomposite sam- 
ples were performed on a PerkinElmer spectrum 100FT-IR 
spectrometer (Walthan, USA). The morphology and size of the 
PPyAgNp/Fe30,-nanocomposite were characterized at 100 kV 
by a JEOL 2010 TEM (Michigan, USA). 


Reusability of immobilized enzyme 


After each assay the immobilized enzyme preparation was 
taken out, washed with 50mM Tris-HCl buffer, pH 7.0 and 
stored overnight at 4°C. The immobilized enzyme recovered 
by this procedure was used repeatedly. The activity deter- 
mined for the first time was considered as control (100%) for 
the calculation of remaining percentage activity after 
each use. 


Enzyme characterization 


Estimates of optimal temperature and pH for soluble a-amyl- 
ase and immobilized -amylase were made by using a tem- 
perature ranged from 30°C to 80°C and a pH ranged from 
4.0 to 8.5. The thermal stability was investigated by measur- 
ing the residual activity of soluble a-amylase and immobilized 
a-amylase after one hour of incubation at different tempera- 
tures. The Km values were determined from Lineweaver—Burk 
plots by using different concentrations of starch as sub- 
strate (1.5-3.5 mg). 


Effect of metal ions 


The effects of various metal ions on enzyme activity of sol- 
uble and immobilized -amylases were determined by pre- 
incubating the enzyme with 5mM metal ions for 15min and 
then assaying the enzyme activity. The activity in absence of 
metal ions is taken as 100%. 


Statistical analysis 


The statistical analyses were performed by a one-way ANOVA 
and the Student's t-test. The results expressed as means + SE 
difference were considered significant when p < .05. 


Results and discussion 


Since amylase enzyme contains thiol and/or disulfide and 
amino acid groups among its chemical structure, thus it was 
hypothesized that having a composition of PPy and AgNp 
would furnish a good enzyme immobilization matrix by virtue 
of the positive charges of PPy [23], which help binding with 
enzyme by ionic bonds and AgNp with its propensity to bind 
with thiol and/or disulfide groups [25]. Generally, Fe>04 mag- 
netic nanoparticles have been used in protein/enzyme immo- 
bilization [26]. Also the use of magnetite in the composition 
is beneficial for easy magnetic separation. In the present 
study, PPyAgNp was mixed with Fe30, magnetic nanopar- 
ticles to become PPyAgNP/Fe30, nanocomposite (Figure 1) in 
order to immobilize Trichoderma harzianum a-amylase. The 
immobilization of enzyme on magnetic Fe30,-nanoparticles 
combined with different concentrations of PPyAgNP at differ- 
ent pH was carried out. The highest immobilization efficiency 
(75%) was detected at 10% PPyAgNP and pH 7.0 (Table 1). 
The loss of the activity of immobilized enzyme by increasing 





Figure 1. Structure of PPyAgNp/Fe30,-nanocomposite. 


the PPyAgNP concentration could be attributed to the pres- 
ence of multipoint attachments of the enzyme to the nano- 
composite. The rate of the enzyme immobilization depends 
on the enzyme concentration. Figure 2 shows the rate of 
immobilization increased with increasing o-amylase concen- 
tration. The highest rate of immobilization was detected at 
30 unit of enzyme (75% residual activity). 

The (ATR-FTIR) spectra of magnetite nanoparticles Fe304, 
10% PPyAgNp/Fe30, (w/w) and 10% PPyAgNp/Fe30,-a-amyl- 
ase samples are shown in Figure 3. All samples exhibited 
similar absorption peaks with observed differences. Before 
a-amylase immobilized onto 10% PPyAgNp/Fe30, (w/w), 
characteristic absorption peaks centred at 557cm_' are due 
to Fe-O vibrations of Fe30, [27]. After a-amylase immobilized 


Table 1. Effect of mixing PPyAgNp with magnetic Fe30, 
nanoparticles and pH on the immobilization efficiency of 
T. harzianum a-amylase. 


Immobilization 
efficiency% 


PPyAgNp % pH 5.0 pH 7.0 pH 8.0 

0 14 +0.32 32+0.8 18 +0.53 
5 20 + 0.42 42+1.1 24 + 0.62 
10 35 +0.52 75+1.6 45 + 0.88 
20 25 + 0.63 55+ 1.3 33 +0.38 
30 12 + 0.42 27 +0.65 17 +0.61 


Each value represents the mean of three experiments + SE. 
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Figure 2. The effect of T. harazianum a-amylase concentration on the rate of 
immobilization on PPyAgNp/Fe30,-nanocomposite. Each point represents the 
mean of three experiments + SE. 
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Figure 3. FT-IR spectra of Fe3O4-nanoparticles, PPyAgNp/Fe30,-nanocomposite 
and PPyAgNp/Fe30,-nanocomposite-a-amylase. 
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onto 10% PPyAgNp/Fe30, (w/w), a slight change is observed 
around 557cm™'. Since -amylase is a protein enzyme con- 
taining glucosidic moiety, thus its C-O stretching vibration 
would appear with strong intensity as clearly observed 
at 1070cm | in 10% PPyAgNp/Fe30, a-amylase sample, 
indicating the success of a-amylase immobilized onto 10% 
PPyAgNp/Fe30, (w/w). 

The SEM images of Fe30, magnetic nanopraticles, 10% 
PPyAgNp/Fe30, (w/w) and 10% PPyAgNp/Fe30, (w/w)- 
a-amylase samples are shown in Figure 4. It is observed that 
the morphology of 10% PPyAgNp/Fe30, (w/w) sample is 
brighter and compact compared with that of Fe;0, magnetic 
nanopraticles, indicating the presence of PPyAgNp. Also, 
SEM images show a typical agglomeration of magnetic 
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Figure 4. SEM images of Fe30,-nanoparticles, PPyAgNp/Fe30,-nanocomposite 
and PPyAgNp/Fe30,-nanocomposite-o-amylase. 
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Figure 5. Reuse of PPyAgNp/Fe30,-nanocomposite-o-amylase. The reaction 
mixture of each repeat includes: 10 mg starch, 30 units of immobilized enzyme, 
50 mM Tris-HCl buffer pH 7.0, incubation temperature at 50°C and incubation 
time for 10 min. Each point represents the mean of three experiments + SE. 
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Figure 6. Optimum pH of soluble and immobilized T. harazianum a-amylase on 
PPyAgNp/Fe30,-nanocomposite. Each point represents the average of two 
experiments. 


nanoparticles with a better surface coverage and appearance 
of large particles in case 10% PPyAgNp/Fe30, (w/w)- a-amyl- 
ase samples compared with those of Fe30, and 10% 
PPyAgNp/Fe30, (w/w), indicating the success of o-amylase 
immobilization. 

In industrial applications, the reuse of immobilized 
enzymes is very efficient compared with free enzymes. The 
immobilized a-amylase on 10% PPyAgNp/Fe30,-nanocompo- 
site was reused 10 repeats and retained 80% of its initial 
activity (Figure 5). Similarly, the immobilized o-amylases on 
magnetic FeO; nanoparticles and amino-functionalized mag- 
netite nanoparticles were reusable for 8 and 9 consecutive 
use while retaining 83% and 68% of its initial activity, 
respectively [17,19]. 

The pH optimum of soluble -amylase and immobilized 
a-amylase on 10% PPyAgNp/Fe30,-nanocomposite was 
detected at 6.0 and 6.5, respectively (Figure 6). The same pH 
optimum (pH 6.5) of a-amylase immobilized on nanoparticles 
such as nanoCaCO3 [28], nano-polyethylene film [21] 
and amino-functionalized magnetite nanoparticles were 
reported [19]. 

The optimum temperature of soluble o-amylase and 
immobilized a-amylase on 10% PPyAgNp/Fe30,-nanocompo- 
site was detected at 40°C and 50°C, respectively (Figure 7). 
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Figure 7. Optimum temperature of soluble and immobilized 7. harazianum 
a-amylase on PPyAgNp/Fe30,-nanocomposite. Each point represents the 
average of two experiments. 
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Figure 8. Thermal stability of soluble and immobilized T. harazianum a-amylase 
on PPyAgNp/Fe30,-nanocomposite. Each point represents the average of two 
experiments. 


At 80°C, the results appeared that the immobilized enzyme 
retained 40% of its initial activity, while the soluble enzyme 
retained 20%. The results showed that optimum temperature 
for the immobilized enzyme shifted towards higher tempera- 
tures. The same results reported that the temperature opti- 
mum of free a-amylase shifted from 40°C to 50°C after 
immobilization of a-amylase on magnetic Fe2O0, nanoparticles 
[17]. The slow degradation of the substrate was detected at 
higher temperature because the structure of enzyme is 
altered [29]. After immobilization an increase in temperature 
optimum of immobilized enzymes revealed that the enzyme 
might be more rigid to structural changes induced by heat 
[30,31]. On the contrary, the low and the same optimum tem- 
perature of free and immobilized a-amylase on nano-poly- 
ethylene film was 30°C [21]. The maximum activity was also 
observed at 40°C for both free and immobilized o-amylase 
amino-functionalized magnetite nanoparticles [19]. The study 
of thermal stability is shown in Figure 8. Up to 50°C the two 
enzymes were thermal stable after incubation for one hour, 
whereas at 80°C the soluble and immobilized -amylases lost 
85% and 70% of its activity, respectively. 

Various substrate analogues were efficiently degraded by 
immobilized enzyme compared with soluble enzyme 
(Table 2). Therefore, 10% PPyAgNp/Fe30,-nanocomposite is 


Table 2. The substrate specificity of soluble and immobilized -amylases on 
PPyAgNp/Fe30,-nanocomposite. 


Relative activity% 


Substrate Soluble o-amylase Immobilized o-amylase 
Glycogen 72+2.6 82+ 2.6 
Amylopectin 68 + 2.2 94+ 3.1 
Amylose 47+1.8 61+2.3 
o-Cyclodextrin 3842.1 48+1.8 
B-Cyclodextrin 32+0.9 361.5 


Each value represents the mean of three experiments + SE. Starch is taken as 
100% activity. 
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Figure 9. Km of soluble and immobilized T. harazianum a-amylase on PPyAgNp/ 
Fe30,-nanocomposite. Each point represents the average of two experiments. 


Table 3. The effect of 5mM metal ions on the soluble and 
immobilized o-amylases on PPyAgNp/Fe30,-nanocomposite. 


Relative activity% 





Metal ion Soluble «-amylase Immobilized -amylase 
Cur 59+1.9 75 +28 
Ni? 74+2.1 1032.5 
a~ 54+2.2 1002.3 
m 52+2.6 64+ 3.2 
Co’ 101 3.7 1113.2 
Pb2* 70+2.8 85 + 2.0 
Hg?* 18+ 1.6 3941.2 


Each value represents the mean of three experiments + SE. The 
activity in absence of metal ions is taken as 100%. 


the best support, which makes the substrate bind to the 
active site of the enzyme easily. The K,, values of the soluble 
and immobilized a-amylase were 3.5mg and 2.5mg starch, 
respectively (Figure 9). Similarly, the Km of o-amylase immobi- 
lized on amino-functionalized magnetite nanoparticles and 
nano-polyethylene film was lower than that of soluble 
enzyme [19-21]. 

The influence of metal cations on the activity of soluble 
and immobilized enzymes was examined (Table 3). Ni**, Ca** 
and Co°™ had no effect on immobilized o-amylase activity, 
and Co?* also had no effect on soluble «-amylase The other 
tested metals had partial inhibitory effect on soluble and 
immobilized o-amylases except that of Hg?* which was desig- 
nated as very strong inhibitor for the activity of the 
soluble enzyme (82% inhibition) compared with the immobi- 
lized enzyme (61% inhibition). The activity of o-amylase 
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immobilized on magnetic Fe,03 nanoparticles and amino-- 
functionalized magnetite nanoparticles was influenced by few 
metal cations [19-21]. The immobilization process improved 
the resistance of enzyme toward the inhibition caused by 
metal ions. In industrial processes which applied the enzyme, 
the metal cations are often present in crude materials. 


Conclusions 


The study developed a new support, 10% PPyAgNp/Fe30,- 
nanocomposite, for immobilization of a-amylase. The immobi- 
lized enzyme was reused 10 times retaining 80% of its initial 
activity. The affinity of immobilized enzyme towards starch 
was higher compared with soluble enzyme. The immobilized 
enzyme hydrolyzed substrate analogues with high efficien- 
cies. The immobilization of enzyme on nanoparticles could 
successfully be used in industrial and medical applications. 
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